SUMMARY Samples of fresh and fixed tissues from infants with exomphalos treated by thiomersal application were analysed for mercury content. The results showed that thiomersal can induce blood and organ levels of organic mercury which are well in excess of the minimum toxic level in adults and fetuses. The analysis of fresh and fixed tissues must be carefully controlled against normal tissues in order to interpret mercury levels accurately.
The introduction of the application of 0a1 % tincture of Thimerosal (thiomersal)* in the treatment of exomphalos is generally attributed to Grob (1957) . No unequivocal cases of organic mercury poisoning have been reported after its use in patients with exomphalos though several cases of 'pink disease' have been reported (Schippan and Wehran, 1968; Stanley-Brown and Frank, 1971) , as well as a case of 'mercury intoxication' (Leenders et al., 1974) . This is thought to be an idiosyncratic reaction unrelated to excessive dosage and should be distinguished from true poisoning.
Analysis of fresh tissue samples obtained at necropsy from an infant with exomphalos treated by thiomersal application who died unexpectedly showed raised tissue levels of mercury. This prompted us to search the records at the Hospital for Sick Children, Toronto, for other mercury-treated cases of exomphalos and carry out organ mercury analysis.
Materials and methods
Between 1969 and 1975 there had been 13 cases of exomphalos treated by thiomersal application. 10 had died and 9 of these had necropsy examinations. Formalin-fixed wet tissues were available from 6 of the 9. Mercury assays had been carried out in 1972 on fresh tissues from 2 of these 6 cases by the Toronto, using similar methods to those described below.
We performed organ mercury assays on three sets of fresh tissue samples and six sets of formalin-fixed tissues. Cold vapour atomic absorption was used to measure total mercury in blood (Magos and Clarkson, 1972) . Solid tissues were weighed and homogenized in 0 9 % w/v sodium chloride solutions (1 0 g tissue to 9 ml sodium chloride solution). Aliquots from the homogenate were treated and measured as described for hair samples by Giovanoli-Jakubczak ct al. (1974) . Samples of the mercury-contaminated omphalocele sac were not stored or transported in the same container as any of the analysed samples. Table 1 shows that all 3 cases in which fresh tissue analysis was performed had absorbed an excessive load of mercury ranging from 65 to 2700 times the normal tissue levels. The fresh organ levels in Cases 2 and 3 suggest that the blood levels were similar to or, perhaps in Case 3, even higher than the level of 1340 ppb (parts per billion) found in Case 1. Mercury assays were repeated on the formalin-fixed tissues of the 3 cases in which fresh tissue assays had been performed, and the results are shown in Table 2 with those from the other fixed and stored samples.
Results
These results show a general increase in mercury concentration after fixation which appears to be related more to the duration of storage than to the total dose administered. The mercury content of the formalin fixative was negligible, <6 ppb. Although analysis of all the samples indicated an excessive load (Jalili and Abbasi, 1961; Damluji, 1962; Bakir et al., 1973; Suzuki et al., 1973; Rustam and Hamdi, 1974) . Blood levels of about 400 ppb are usually regarded as the threshold levels for the appearance of signs and symptoms in these groups, and levels of 1000-1500 ppb were invariably symptomatic. The threshold level for fatal poisoning appears to be around 3000 ppb of blood.
Paradoxically, 4 infants exposed postnatally (Amin-Zaki et al., 1974b) did not exhibit signs or symptoms, though their blood levels were > lOOOppb, and one was >1500 ppb. This remarkable phenomenon is not easily explained, although part of the answer may lie in the difficulty of assessing neurological function in this group.
Although thiomersal is an ethyl mercury compound, it has similar toxicological properties to methyl mercury (Friberg and Vostal, 1972) and the long-term neurological sequelae produced by the ingestion of either methyl or ethyl mercury-based fungicides are indistinguishable (Kantarjian, 1961; Damluji, 1962; Bakir et al., 1973; Rustam and Hamdi, 1974) . The clinical notes of the 6 cases studied, showed that 3 had developed unexplained vomiting, acidosis, or convulsions, but none of these findings alone is specific or indeed unusual in neonates.
We traced one of the survivors of this therapy. Full neurological examination at 10 years of age failed to show any evidence of the signs of minimal mercury damage such as visual field narrowing or glove and stocking paraesthesia. We are unable to comment on his intellectual development, though the school regroup.bmj.com on November 8, 2017 -Published by http://adc.bmj.com/ Downloaded from ports that he is restless, easily distracted, and not interested in schoolwork.
The use of mercurial antiseptics in the treatment of exomphalos appears to be declining rapidly, despite its recent advocation (Venugopal et al., 1976) , undoubtedly because of the introduction of effective surgical procedures and a growing appreciation of the toxicity of organic mercurials.
Since it is clear that treatment of exomphalos by the application of alcoholic mercurial antiseptics can produce blood and tissue levels of mercury well above the threshold at which damage occurs in all other age groups, it is extremely unlikely that these infants escape neurological damage, which may be subtle. We therefore suggest that treated survivors should be examined neurologically and psychologically as a matter of urgency.
Organic mercurial antiseptics should be heavily restricted or withdrawn from hospital use, as the fact that mercury readily penetrates intact membranes and is highly toxic seems to have been forgotten. Equally effective and far less toxic broadspectrum antifungal and antibacterial topical antiseptics are currently available. 
